Methods for identification of primary HIV infections seem increasingly important to understand pathogenesis, and to prevent transmission, which is particularly efficient during acute infection. Most current algorithms for HIV testing are based on detection of HIV antibodies and are unable to identify early infections before seroconversion. The efficiency of prospective cohorts, which is a standard approach for identifying primary HIV-1 infection, depends on a variety of epidemiological and cultural factors including HIV incidence and stigma and, not surprisingly, varies significantly in different geographical areas. We report a voluntary counseling and testing (VCT)-based approach to identifying primary HIV-1C infection that was developed as part of a primary HIV-1 subtype C infection study in Botswana. The referral strategy was based on: (1) collaboration with VCT centers at city clinics operated by the Ministry of Health; (2) partnering with the busiest non-government VCT center; (3) educating healthcare workers and the community about primary HIV infection; and (4) pairing with diverse VCT providers, including NGOs and private-sector organizations. Acute HIV-1 infections were defined by a negative HIV-1 serology combined with a positive HIV-1 RT-PCR test. Recent HIV-1 infections were identified by detuned EIA testing according to the classic STARTH algorithm. The VCT-based referral strategy resulted in the successful identification of 57 cases of acute and early HIV infection. A referral strategy of expanded VCT with viral RNA (Ribonucleic acid) testing to a national program in Botswana may be a promising approach for identification of primary HIV infections on a countrywide level. The program should offer VCT with viral RNA testing to the general public, facilitate proper counseling and risk reduction, and allow initiation of early HAART, and may reduce new viral transmissions.
Introduction
The level of viral RNA load is associated with the efficiency of HIV transmission (Quinn et al., 2000) and the rate of HIV transmission is the highest during early stage of infection (Brenner et al., 2007; Pilcher, Eaton, Kalichman, Bisol, & de Souza Rda, 2006; Pilcher, Eron, Galvin, Gay, & Cohen, 2004; Wawer et al., 2005) . Early identification of recently transmitted HIV infection has great potential for reducing HIV transmission and may represent a new, underexplored niche in the global fight against HIV.
It is still a challenge to identify early HIV infection. The absence of specific clinical signs and symptoms in acute HIV infection, asymptomatic forms, lack of awareness among healthcare providers regarding potential acute HIV infection and the shortage of nucleic acid tests for routine use in diagnostics for HIV infection still contribute to the hindrance of early HIV infection identification worldwide.
A combination of a 'sensitive' and 'less-sensitive' ELISA, or the detuned method (Janssen et al., 1998) , has been widely used for distinguishing between recent and old HIV infections in many recent studies worldwide (Diaz, De Cock, Brown, Ghys, & Boerma, 2005; Janssen et al., 1998; Kellogg, Clements-Nolle, Dilley, Katz, & McFarland, 2001; Machado et al., 2002; McDougal et al., 2005; McFarland et al., 1999; Parekh, Pau, Kennedy, Dobbs, & McDougal, 2001; Parekh et al., 2002; Rutherford, Schwarcz, & McFarland, 2000; Schwarcz et al., 2001; Young et al., 2003) .
In this report we summarize a referral strategy of expanded Voluntary Counseling and Testing (VCT) *Corresponding author. Email: messex@hsph.harvard.edu with viral RNA testing in Botswana for identification of primary HIV infections.
Methods

Study structure
The referral strategy was used to identify primary HIV-1 infections in Botswana. The recruitment of patients was a part of the primary HIV-1 infection study in Botswana, the Tshedimoso study approved by the Institutional Review Boards in both Botswana and the US. The referral strategy was based on partnering with VCT centers in Gaborone, the capital of Botswana, and involved collaboration with VCT centers at city clinics operated by the Ministry of Health, partnership with the busiest non-government VCT center, educating healthcare providers and the community on primary HIV infection and pairing with diverse VCT providers, including NGOs and private-sector organizations. Information on referral sources was collected through patient self-reports at screening visits.
Referrals
The existing VCT centers based at the Gaborone City Council primary care clinics were targeted for referrals. Working relationships were established with the staff at clinics with high flows of patients. The study nurses were deployed to the clinics and initiated education of healthcare providers by providing presentations to physicians and nurses at morning meetings and to the patients in waiting areas of the clinic, which was important to initiate contact with potential candidates and provide them with the most basic information about primary HIV infection and the study goals. Healthcare providers were asked to refer their patients who met the referral criteria to the study staff for additional HIV testing to identify primary infection, if any.
The referred candidate received pre-and post-test counseling by the study staff nurse that included a detailed explanation of HIV infection, with particular emphasis on the acute and early phases, study goals and eligibility and exclusion criteria. If interested and eligible, the referred candidate was asked to sign a screening consent form and to donate blood for testing.
Screening algorithm Referred candidates were tested by rapid and/or regular double ELISA for HIV-1 antibodies followed by RT-PCR or the detuned ELISA based on the results of the initial screening ELISA test. Primary HIV-1 infection was defined as the initial period of infection that includes acute HIV infection (preseroconversion) and recent HIV infection (seroconversion) (Lacabaratz-Porret et al., 2003) .
Statistical analysis
Comparisons between groups were performed by ttest or Mann-Whitney rank sum test, and associations were assessed by linear regression test using SigmaStat v.3.1 software. 
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Results
Enrollment of patients with primary HIV-1 infection
The breakdown of screened and enrolled participants with primary HIV-1 infection over two years of the study is shown in Table 1 . The total number of patients enrolled was 57, including 7 cases of acute HIV infection and 50 cases of recent HIV infection. The number of patients tested by rapid/regular EIA is higher than the sum of performed RT-PCR and detuned EIA because a fraction of patients, after receiving the results of the rapid EIA, were not interested in further testing and/or joining the study. Table 1 also demonstrates the rate of identification of acute and recent HIV-1 infections in Botswana. The rate was calculated either as a ratio of enrolled to referred participants or as a ratio of enrolled to tested participants by RT-PCR or detuned EIA. The overall rate of enrollment of primary HIV-1 infections was 1.4% and 2.2% in relation to referred and tested candidates, respectively. The rate for acute infections was 0.2% and 0.4% and the rate for recent infections was 1.2% and 9.1% of referred and tested participants, respectively.
The overall gender ratio was 2.2:1, including 39 women and 18 men, which reflects the gender ratio of outpatients in clinics in Botswana. Figure 1 shows the age distribution of enrolled study participants, which was not normal but skewed toward younger ages. Table 2 provides descriptive statistics of age in the total group of primary HIV infections and the subsets of acute and recent HIV infections. The median values between male and female participants were at borderline significance (p 00.05 and p 00.04; MannWhitney rank sum test for the entire group and for recent infections, respectively). Other comparisons between groups did not reveal any statistically significant difference in age distribution (data not shown).
Referral criteria for identification of primary HIV infections in Botswana
The referral criteria for identification of acute and recent HIV-1 infections in Botswana were refined based on regression analysis at the end of the first year (Table 3) . Young age and diagnosed STI were excluded, while multiple sexual partners and age difference with sexual partner were added as referral criteria. To target potential candidates within the preseroconversion period we emphasized recent unprotected sex.
Referral sources
Data on referral sources was collected from the subset of 442 consecutive candidates during screening for four months (Table 4 ). The majority of reported referrals came from healthcare providers at the clinics attached to the study VCT centers. While only about 17% of participants cited being worried about a recent HIV exposure as their reason for coming to the study VCT clinics, they represented 38% (5/13) of those participants who were eventually enrolled in the study. A majority of the patients referred by healthcare providers actually came to the clinic because they were worried about recent HIV exposure and then were referred to the study. Therefore, being worried about potential recent HIV exposure might be considered a dominant reason in identification of acute and recent HIV infections in Botswana.
Discussion
Our study demonstrated that identification of primary HIV infections is possible in Botswana. We suggest that development of a national program aimed at identifying primary HIV infections may be a critical step toward curbing the epidemic in the country. This approach, combined with early use of HAART, risk reduction counseling, partner notification and contact tracing, might deserve a new look and may be an important tool in fighting HIV/AIDS.
The results of this study highlight the challenges of identifying early HIV infections despite more than 25 years of experience with the HIV/AIDS epidemic. Although referrals have been recommended by the CDC (CDC, 1998 (CDC, , 2001 Gallant, 2004) , only a small fraction of patients with acute HIV infection are actually referred for HIV testing by healthcare providers (Grant, 1998) . In Botswana, a VCT-based referral strategy, coupled with advanced lab testing, appeared to be a promising future approach for identification of primary HIV infections. Collaboration with both government and non-government VCT centers combined with proper education of healthcare providers and community education and extended by pairing with diverse VCT providers including NGOs and private sector organizations, resulted in successful identification of 57 cases of acute and early HIV infection. It is important to note the relatively limited resources used in the study.
The referral system employed had a number of limitations. First, there is a lack of clearly defined signs and symptoms for the early phase of HIV infection. Second, budgetary constraints imposed limitations on study staffing, clinical space, transportation and advertising. Third was the limited Our main recommendation is to expand VCT with viral RNA testing up to nationwide coverage as a national program in Botswana. The current referral system can be transformed into an efficient network of VCT units linked to laboratories. The program could offer VCT with viral RNA testing to the general public and promote individual and community education on primary HIV infection and the importance of early HIV testing.
